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11.0 Health Management System Definition Study 

This section contains a copy of a vehicle-independent, launch system health management 
requirements assessment that was performed by Mr. Steve Black of LSOC, under an 
intercompany work transfer for LMSC. The purpose of the assessment was to define both health 
management requirements and the associated interfaces between a generic advanced 
transportation system launch vehicle and all related elements of the entire transportation system, 
including the ground segment. 
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-Integrated Vehicle System Launch Readiness Verification 
Standards 

- Launch Commit Criteria Standards 
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□ Vehicle Element Manufacturing Test 

□ Integrated Vehicle Flight Readiness 

□ Launch Commit Criteria 

□ Mission Operations 
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launch booster manufacturing process 
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□ Shroud/Payload ECS Instrumentation Should Be Complete and Through T-0 

□ Non-lntrusive Test and Troubleshooting Should Be Built-In So Fault Isolation 
During Ground Test Does Not Require Unnecessary Connector Demates and 
Retest 
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12.0 Major TA-2 Presentations 

Figure 12.0-1 summarizes the titles of the major presentations given during the course of the TA- 
2 contract. 


1992 Presentations : 

► "Lowering the Operations Cost of New Launch Vehicle Systems", ECON, 
February 11, 1992 

► "First Lunar Outpost Heavy Lift Launch Vehicle Development, NLS-Derived 
Configuration Assessment", work performed for MSFC by Lockheed during 
February - March 1992 

» "Technical Area 2 Heavy Lift Launch Vehicle Development - Concurrent 
Engineering Meeting # 1 ", J. B. McCurry, May 5-6, 1992 

► "Advanced Transportation System Studies Heavy Lift Launch Vehicles 
Concept Development - Contract Kick-Off Briefing", June 17, 1992 

► "ATSS TA-2 Concurrent Engineering Meeting - HLLV Design Requirements 
and Characteristics Results", G. F. Letchworth, August 5, 1992 

► "ATSS TA-2 Quarterly Review # 1", October 2, 1992 

► "Lockheed ATSS TA-2 Status", TIM # 10, November 17, 1992 

► "FY 92 HLLV Development Accomplishments", J. B. McCurry 

1993 Pre se ntations : 

► "ATSS TA-2 Status Review - Single Launch Lunar Launch Vehicle 
Configuration Options", January, 1993 

► "Advanced Transportation System Studies Technical Area 2 Heavy Lift 
Launch Vehicle Development - Contract Status Briefing", January 27, 1993 

► "50 K Launch Vehicle Definition in Support of the Access to Space Panels", 
J. B. McCurry, February, 1993 

► "ATSS TA-2 Status Review", TIM #11. February 11, 1993 

1 "Lunar Mission Architecture Utilizing Single Stage to Orbit and Heavy Lift 
Launch Vehicle Candidates", J. B. McCurry, February 27, 1993 

* "TA-2 Support to Other NASA Projects", J. B. McCurry, March 1993 

► "Alternative 50 K Vehicle Concepts - Operations Evaluation Scores", LSOC, 
April, 1993 

* "Alternative Launch Vehicle Concepts for NASA's Access to Space 
Studies", K. A. Holden, K. D. Sagis, April 1993 

► Untitled cost modeling methodology presentation by ECON, applied to 
50-80K launch vehicle assessments, J. Skratt, ECON Inc., April 1993 

* "ATSS TA-2 Contract Heavy Lift Launch Vehicle Development - Current 
Contract Status", J. B. McCurry, April 16, 1993 

► "TA-2 Contract Status Presented to NASA Headquarters", J. B. McCurry, 
May 24, 1993 

► "Advanced Transportation System Studies - TA-2 Contract Status", 

August 12, 1993 

Figure 12.0-1 Major TA-2 Presentations 


Lockheed Martin 
Missiles & Space- Huntsville 


12-1 
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1994 Presentations: 

• "Qualitative Assessment of Tripropellant Main Propulsion versus 
Bipropellant Main Propulsion for Single Stage to Orbit Vehicles", J. B. 

McCurry, February 7, 1994 

> "Advanced Transportation System Studies TA-2 Contract Status - 
Assessment of Single Stage to Orbit Concepts”, February 11,1994 

Figure 12.0-1 Major TA-2 Presentations (Concluded) 

A copy of each of the above listed presentations is provided herein as a summarization of the 
significant results and conclusions that were developed over the course of the contract. The 
major presentations made by Pratt & Whitney regarding the identification and assessment of 
Russian main propulsion technologies and performance capabilities are documented as 
proprietary contract deliverable items, that were delivered to the TA-2 COTR. A listing of those 
presentation deliverables is contained in Section 13 of Volume D. 


Lockheed Martin 
Missiles & Space- Huntsville 
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Major TA-2 Presentations Given in 1992 


Lockheed Martin 
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LOWERING THE OPERATIONS COST 
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AN EXAMPLE DRAWN FROM THE NLS COST ASSESSMENT 
CONDUCTED BY ECON FOR LMSC IN THE FALL OF 1991 
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WHAT DESIGN AND PROGRAMMATIC ALTERNATIVES CONSTITUTE THE POTENTIAL FOR REDUCING THE 
COST OF NLS OPERATIONS - AND BY HOW MUCH? 
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SPECIFIC LESSONS LEARNED 
In Economics of Launch Vehicles 


PROGRAMMATIC EFFECTS ON ECONOMICS 

Large Lot Buys Are Key to Expendable Hardware: 

* At All Costs Avoid One- or Two-Vehicle Buys 

Bulk Cargo Logistics Are a Factor: 

* Different from Manned/High Value Payloads 


Schedule Affects Cost: 

* Long Programs Are Always Expensive 


Cost of Failure Should be Primary Trade: 

* Loss of Vehicle and Payload 

* Loss of Revenue Opportunity 

* Traded Against Cost of Reliability Increase 

Government Oversight Also Involves a Trade: 

* Presumption Has Been That Oversight Reduces Risk 

* In Commercial Aircraft Industry, Manufacturer Bears Risk 


DESIGN EFFECTS ON ECONOMICS 

Weight Can be Traded for Cost: 

* Example is Ariane Propellant Tanks 

Avionics and Liquid Engines Drive Expendable Vehicle Costs 
Design Sophistication Penalizes Expendable Hardware: 


* Example is STME Computer 
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FIRST LUNAR OUTPOST 
NLS-DERIVED LAUNCH VEHICLE ASSESSMENT 
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A variety of design options were assessed for each of the NLS-derived configuration elements, as well as for 
manufacturing methods and vehicle performance assessments. Lockheed was also asked to assess three-stage core 
vehicle concepts, which contained the basic NLS core vehicle, a new LOX/LH2 second stage, and a LOX/LH2 TLI 
stage, in addition to two LOX/RP-1 boosters. This configuration was to identify any performance 
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NLS Core : 

The NLS reference HLLV core vehicle was used, which contained four STMEs. NLS Cycle 0 mass properties 
were used and three propellant loads were sized, corresponding to 5, 10, and 15 foot extensions to the LH2 
tank. 
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The stretched core stage was based on the ET with a fifteen foot extension in the ET’s liquid LH2 tank. 
The stretched core burn-out mass was 206,400 lbm (93,621 kg) and contained 1,858,000 lbm (842,775 kg) of 
propellant. 
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EARLY RETURN TO MOON/MARS: NLS-DERIVED HLLV OPTIONS 
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S— 1C Derived Booster Performance 

108 growth factor 
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S-IVB Derived Upper Stage Performance 

10% growth factor 
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traces. The gimbal orientations tor the boosters and core were designed to be the same tor either the two or tour- 
booster configurations. Six degree-of-freedom control authority simulations were not exercised as part of the design 
activity due to study time limitations. Such simulations will be required during more in-depth trade study 
assessments of the launch vehicle design. 
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Use of STMEs for upper stage applications cannot compete with SSMEs 
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Whenever practical, utilize existing technologies, facilities and infrastructure 

Reduce number of flights and amount of surface operations required before 
establishing significant science and exploration capabilities 
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Plan to revisit the outpost at ~6 month intervals. 

- Revisit logistics are delivered with the new crew. These are transported to the 
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wife 


- CURRENT ASSESSMENT IS 34-36 t 

- RESULTS IN A 93-96 t REQUIREMENT POST-TLI 

- EQUIVALENT TO 230-250 t TO 100 NMI. CIRCULAR ORBIT 




Detailed Design Requirements 






HLLV Near Term Schedule 



• Propulsion 

System Analyses 


Programaulks 
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HLLV Technical Interchange Meeting # 8 

KSC July 15, 1992 



1:30 Aerodynamic Panel Status/Plans Lowery/Labbe 

2:00 Acoustics Panel Status/Plans Jones 

2:30 Summary And Wrapup Austin 

Planning For MSFC/ExPO Coordination Meeting 
Actions For FLO Engineering Status Review 




Lunar Mission Profile 

Ascent Phase 





Lunar Mission Profile 

Orbital Phase 



* Determined by Mission Window (Max = 6:45) 
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COST COMPARISON - SEI VEHICLES 



NOTE: Costs do not Include facilities 









SSME Upper Stage Use 

Potential Issues 
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SSME Upper Stage Use 

Altitude Start Conclusions 
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ALTERNATE CONFIGURATION OPTIONS 
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HISTORY OF ZENIT / ENERGIA 
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Comparison of U.S. / CIS Hardware 






Notes: • 80 x 150 nmi @ 28.5 ' 

• One Core Engine Out 

• Max g = 4 

• Max q £ 900 psf 

• Wp Core = 1.69 Mlb 








Saturn V w/ Enerpia Strap-On Boosters 
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SEI Launch Vehicle Specifications 






NLS Core With Eight Energia Boosters 
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SEI Launch Vehicles 

Possible ASRM Options 




ASRM w/ Extra Segment 



Does not include nosecone, chutes, sep motors, TVC system, etc. Also does not account for any redesign changes that may he required if 

Pvlra cpnmpnl ic J ' 




NLS Derived Lunar Vehir I ps 

2 Launch Rendezvous and Dock 



NLS Core w/2 ASRM Stretched NLS Core 

w/2 Extra Segment ASRM 





Four-Seament ASRM ‘ 

mfcgggm gnt ASRM with redesigned nozzle (Casel) 
Characteristics 

• Standard ASRM plus additional center segment 
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NLS Derived SEI Vehicles 

Mars Payload Accomodations 



• Boosters remain largely unaffected 
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72 deg. Launch Azimuth 
No Engine-Out Capability 















F-1 A EnglnesThrottled to 75% RPL for G-Control Reusability: 

72 deg. Launch Azimuth 
No Engine-Out Capability 
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4) HLLV/PLF aerodynamic performance and PLF separation 






stability and a smaller landing gear tread radius 



Scale comparison of FLO Piloted Vehicle and the Apollo LM 








CM & LES Exposed CM & LES Exposed 

Piloted Piloted and Cargo 












TA-2 Concurrent Engineering Meeting #1; 8/5-8/6/92 
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Note: Values given denote excess 
MPS propellent (Ibt) at MECO 
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- While the basis of uncertainty estimates is often subjective it is better 
than a deterministic answer and can be used to discriminate between 
future systems that are "risky" for different reasons 
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Detail hardware design, analysis, fab, assembly & procurement 
of major systems 
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Conclusion: Vehicle configurations with 2 F-1 As per booster do not 

have sufficient thrust to be viable designs. 
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toroidal end caps 

Stage three used a cluster of seven propellant tanks 
(two for LOX and five for LH2) 
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